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Abstract 
Malaysia introduced renewable energy as the 5th fuel strategy in the energy-mix under the National Energy Policy in 2001. A target was 
set at 500 MW grid-connected power generations by 2005 from renewable energy sources. The small renewable energy power program 
(SREP) was launched at the same time with fiscal incentives to support this initiative. Malaysia has huge potential renewable energy 
resources in the form of biomass, solar and hydro. However, the implementation of SREP was not up to expectation due to several 
barriers and challenges faced by the authorities and developers, and the target was revised in 2006 to 350 MW by 2010. At the COP15 in 
Copenhagen, Malaysia pledged a voluntary reduction of up to 40% in terms of emissions intensity of GDP by the year 2020 compared to 
2005 levels. With this commitment the Renewable Energy Act (RE Act 2010) was enacted in 2011 with provision of Feed-in Tariff, 
providing more attractive incentives to spur the implementation of grid-connected power generation from renewable energy resources. 
With the new RE Act2010, the target is revised to 985 MW by 2015, 2,080 MW (2020) and to 21,000 MW in 2050. This paper describes 
the development of renewable energy policy framework, strategies and initiatives for renewable energy implementation in Malaysia, in an 
effort to reduce carbon emissions as pledged at the COP15. This paper also provides examples of renewable power generation currently 
implemented and the on-going research and development activities to enhance the exploitation of renewable energy resources in 
Malaysia. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the International 
Energy Foundation 
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1. Introduction 
The demand for power in Peninsula Malaysia is projected to increase to 30 GW generation capacities in 2030 from peak 
demand capacity of 15 GW in 2008 [1][2]. The current fuel mix for electricity generation is: natural gas 64%, coal 29% and 
hydro 7% [3]. This heavy dependence of electricity generation on natural gas and coal, has provided cause for concerns to 
the industry. 
Malaysia has been cited amongst the highest globally in growth of greenhouse gases (GHG) emissions with a 7.9% 
compounded average growth rate (CAGR) from 1990  2006. Absolute GHG emissions in Malaysia are expected to increase 
by 74% from 189 million tonnes of CO2e in 2005 to 328 million tonnes of CO2e in 2020. The power industry in Malaysia 
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contributed 60 million tonnes CO2e, about 32% of the total emission in 2005, and will increase its contribution to 153 
million tonnes, about 47% in 2020 due to the shift from gas to coal for power generation, [4]. 
At the United Nations Climate Change Conference 2009  15th Conference of Parties (COP15), Malaysia had pledged a 
commitment to voluntary reduction of up to 40% in terms of emissions intensity of GDP by the year 2020 compared to 2005 
levels, [5].  The increasing demand for power due to economic growths, improvement of life style, concerns for the 
environment and security of supply have provided impetus to seek alternative source of energy, and renewable energy (RE) 
resources have been identified as the biggest alternative in the power generation mix. RE resources in Malaysia include 
biomass, solar, mini-hydro, municipal waste, and biogas. Between these, the most important renewable sources of energy in 
Malaysia are biomass, hydro and solar. Biomass resources such as palm oil residues, wood residues, and rice husks can be 
used for the heat and electricity generation. Malaysia has the capacity to use RE resources to address the national energy and 
carbon reduction agenda. 
In this context, the Ministry of Energy, Green Technology and Water Malaysia (MEGTW) is intensifying efforts on RE 
and energy efficiency so that these two aspects of energy management can play a significant role in the energy supply mix. 
The use of RE for power generation is being given greater emphasis in line with  Five Fuel Policy which was 
formulated under the Eighth Malaysia Plan (2001-2005) and is being promoted with more emphasis under the Ninth 
Malaysia Plan (2006-2010). 
 
2. National energy policy - Malaysia 
 
Under the National Energy Policy launched in 1979, three principal energy objectives, which are instrumental in guiding 
the future energy sector development, were established, namely: the Supply, Utilization and Environmental Objectives. The 
National Energy Policy has been subjected to a number of revisions in tandem with the development and the ever changing 
scenarios. RE was regarded and accepted as the fifth fuel in 2001 in the new Five Fuel Strategy in the energy supply mix. 
RE is targeted to contribute 5%, equivalent to 500 MW generation capacities, 
2005. In order to meet this goal, the Small Renewable Energy Programme (SREP) was launched under the initiative of the 
s strategy to intensify the 
development of RE as the fifth fuel resource. The primary focus of SREP is to facilitate the expeditious implementation of 
grid-connected RE resource-based small power plants. The RE target was revised in 2006 to 300 MW grid-connected power 
in the Peninsula and 50 MW in Sabah, to be achieved by the year 2010. In June 2009, MEGTW launched the National Green 
Technology Policy, with energy being one of the four pillars. 
 
 
3. Renewable Energy resources and current application in the power generation mix 
 
Malaysia has large RE resources from solar, hydro and biomass. 
3.1 Biomass 
Being a major agricultural commodity producer in the region Malaysia is well positioned amongst the ASEAN countries to 
promote the use of biomass as a renewable energy source in her national energy mix. Biomass resources, as shown in Table 
1, are abundant, especially in the palm oil plantation industry, with lesser contribution from the rice and timber industries, 
[6]. 
 
Table 1. Biomass potential for power generation in Malaysia 
 
Biomass Type Quantity, Ktonne/year 
Annual Generation 
Potential, GWh 
Maximum Energy 
Potential, MW 
EFB 16,700 
28,000 3,150 Fruit Fibres 12,200 
Palm Shell 4,900 
Palm Oil Mill Effluent 38,900 2,800 320 
Wood Chips 2,200 600 70 
Rice Husks 400 300 30 
Bagasse 300 200 25 
TOTAL 58,500 31,900 3,595 
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3.2 Biomass Resources from the Palm Oil Industry 
Malaysia has about 5.0 million hectares of oil palm plantation, producing 18.91 million tonnes crude palm oil in 2011 [7]. 
The processing of oil palm products occurs in palm kernel crushing factories, oleochemical plants, and palm oil refineries, 
but by far the most common are the basic palm oil mills. The palm oil milling industry has 434 mills throughout the country 
with total milling capacity of 82 million tonnes fresh fruit bunches, FFB, per year. Processing capacity of each individual 
mill ranges from 10 to 120 tonnes of FFB per hour. The palm oil industry accounts for the largest biomass waste production 
in Malaysia [8]. Milling processes in the palm oil industry produce large amount of solid wastes in the forms of empty fruit 
bunches (EFB), fruit fibres and palm kernel shell (Shell). Typical example of solid wastes production rates by a mill 
processing 60 tonnes per hour of FFB is summarized in Table 2 [9]. The wastes produced amount to about 50 percent of the 
original FFB processed. In 2003, the amount of FFB processed was 67 million tonnes, which generated solid wastes in the 
forms of EFB (16.7 million tonnes), mesocarp fibres (12.2 million tonnes) and palm kernel shell (4.9 million tonnes).  
The interest in developing processes and technologies for biomass utilization in energy production is great. Extensive R 
& D are being undertaken especially for oil palm milling wastes due to their abundant resources. The oil palm milling 
industry have the potential to fuel power generation facilities with capacity up to 3,470 MW [10] from empty fruit bunches 
(EFB), palm shell, fruit fibres and palm oil mill effluent (POME), as shown in Table 1. 
 
Table 2. Solid wastes production rate from a mill processing 60 t/hr of FFB [9] 
Waste Type 
Amount Produced, kg/hr 
Wet Dry 
Shell 3,340 3,140 
Fruit Fibre 9,160 6,530 
EFB 14,960 4,910 
 
Milling processes require energy in the form of heat (process steam) and electrical power. About 20 kWh of electrical 
power is required to process one tonne of FFB. All palm oil mills depended on their own biomass wastes for fuel, mainly the 
palm kernel shells and mesocarp fibres, to raise process steam for oil extraction processes and electrical power generation 
for mill in-house consumption. In total, the palm oil milling industry generates about 700 MW [11]. The EFB, being low 
quality because of the high moisture content, are either disposed of at landfill sites, incinerated for the ash, or re-used as 
fertilizer in the plantation. There are compelling reasons for supporting the use of EFB as a source of fuel for renewable 
energy thermal generation and other industrial heating requirements. Although the current use of EFB as mulch has financial 
benefits, there are better financial gains, with a number of other advantages when EFB is used as fuel. 
3.3 Hydro 
Remaining untapped hydro resources in Peninsula Malaysia and Sabah, as shown in Table 3, are small and mainly 
suitable for peaking (2 3 hours operation a day) if constructed for power generation, [1]. 
 
Table 3. Overall hydro capacity as renewable energy in Peninsula Malaysia (as defined by the CDM Rule Book) 
Description Capacity, MW 
Major Hydro schemes (meet CDM criteria) 988.0 
Batang Padang/Cameron Highlands scheme 11.9 
Distribution Mini Hydro 11.6 
Tenom Pangi Run Off River 66.0 
SESB Mini Hydro 8.0 
TOTAL 1,085.5 
 
The picture is more encouraging for hydro resources in Sarawak. The Sarawak Corridor of Renewable Energy has the 
potential to generate 20,000 MW of electricity for the country from hydro resources [12]. The recently completed and 
commissioned 2,000 MW Bakun Hydro project is already generating power for Sarawak. 
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3.4 Solar 
Malaysia is situated in the Equatorial region with average solar radiation of between 4,000  5,000 Whr/m2, and an 
average radiation of between 4  8 hours per day. Malaysia has, on average, a total of 170 rainy days per year, and ambient 
air temperatures in the range 26  32oC with relative humidity between 80  90% and never below 60%, [13]. Atmospheric 
conditions in the equator are always cloudy leading to lower proportion of direct solar radiation. The diffuse solar radiation 
is normally larger than 40%. This characteristic of solar radiation is very important in determining the most optimum solar 
energy systems, for both solar thermal and solar photovoltaics, [14]. 
Traditionally, the agricultural industries in Malaysia have been using solar energy for drying of crops and food products, 
such as cocoa, coffee, black pepper, tobacco, tea leaves, banana, and anchovies, [15]. However, use of solar energy for 
production of electrical power using solar PV only started in the ].  
4. Current RE application in power generation mix and SREP 
4.1 SREP and RE implementation 
Small power generation plants utilizing RE sources can apply to sell electricity to the utility through the Distribution Grid 
System. Under the SREP Programme, the utilization of all types of RE sources, including biomass, biogas, municipal waste, 
solar, mini-hydro and wind, are allowed. Maximum capacity of small Renewable Energy plant designed for sale of power to 
the grid must not exceed 10 MW. SCORE has been set up to coordinate the programme and a secretariat functioning as a 
One-Stop Centre at the Energy Commission facilitates industry participation in the programme. 
In supporting the policy instrument, the government initiates market based instruments via investment incentives and tax 
measures to encourage wider implementation of biomass based energy production. In terms of eligibility, companies which 
sell energy to other companies/associate companies are eligible for either Pioneer Status or Investment Tax Allowance. In 
the same context, it also eligible for companies to sell energy and at the same time use the energy generated to apply for 
Investment Tax Allowance for the whole project or apply for Pioneer Status for energy to be sold. These activities are 
currently being promoted under the promotion of Investment Act, 1986. 
 
Table 4. Status of SREP Projects Approved by SCORE (August 2005) [6] 
RE Type Energy Source Approved Capacity, MW % 
Biomass EFB 
Wood wastes 
Rice Husk 
MSW 
Mixed fuels 
22 
1 
2 
1 
3 
165.9 
6.6 
12.0 
5.0 
19.2 
52.5 
2.1 
3.8 
1.6 
6.1 
Landfill Gas  5 10.0 3.2 
Mini Hydro  26 97.4 30.8 
Wind  0 0 0 
TOTAL  60 316.1 100 
 
As of August 2005, 60 applications have been approved under SREP by SCORE, as shown in Table 4 [6]. 29 projects use 
biomass as the fuel source, of which 22 of them use palm oil wastes, and the other 7 projects use rice husk, wood residue, 
municipal waste and other mix fuel. In addition to the above biomass-fuelled projects, there are 5 landfill gas projects and 26 
mini-hydro projects. From the 60 SREP projects approved, only 10 developers have requested and been given licenses to 
proceed with the implementation of their projects, with total generating capacity of 51.55 MW with REPPA signed with 
Tenaga Nasional Berhad, TNB as of March 2008 [17]. Due to a number of reasons, the remaining 50 are yet to be 
implemented. 
Besides the 10 projects implemented under SREP, TNB, the largest power utility company in Malaysia, has also 
implemented RE power generation projects involving [1];  
i. Mini Hydro: 13,643 kW, 44 sites, unit capacities in the range of 48  1,100 kW. 
ii. Solar PV (Suria 1000 - MBIPV): 168.515 kW, 16 sites, unit capacities in the range of 3.06  92.01 kW. 
iii. Solar PV (TNB Mini Grid): 1,231 kW, 25 sites, unit capacities in the range of 10  250 kW. 
iv. Wind (TNB Mini Grid): 200 kW, one site at Pulau Perhentian, Terengganu. 
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Total contribution of renewable energy to the power generation mix is summarized in Table 5, [1]. 
 
Table 5. Existing Power Generation Capacities from RE in Peninsular Malaysia (April 2008) 
No Type Capacity, kW % 
1 Mini-Hydro 22,443 33.6 
2 Biogas (Landfill) 2,000 3.0 
3 Biomass (Palm Oil Mill Solid Wastes) 35,750 53.5 
4 Municipal Solid Waste 5,000 7.5 
5 Solar PV (BIPV) 169 0.3 
6 Solar PV (TNB Mini-Grid) 1,231 1.8 
7 Wind (TNB Mini-Grid) 200 0.3 
 TOTAL 66,793 100.0 
 
 4.2 Challenges in developing renewable energy in Malaysia 
 
Despite those initiatives mentioned in the preceding section, the current utilization of RE resources in power generation is 
far below its market potential. Efforts need to be strengthened to develop a comprehensive approach in RE development by 
formulating and implementing a coherent national RE policy framework, policy instruments as well as financial tools and 
mechanisms. 
interest from the private sector, as indicated by the number of proposals approved by Energy C
slow progress of SREP programme has been due to several barriers and challenges, summarized as below [6]; 
i. Fuel Security: The reliability of fuel supply is an issue since the fuel suppliers are not committed to have a long 
term agreement with the RE projects developers and competition with non-energy uses of biomass. 
ii. Electricity Sales Price: The recommended sales price of RE electricity at 17  21 cent per kWh is close or below 
the unit cost of production, besides assuming, unrealistically, static costs of production over the long-term of the 
sales contract. 
iii. Renewable Energy Power Purchase Agreement (REPPA): RE developers faced difficulty in getting financing, as 
REPPA does not provide a robust cash flow for Bankers to be comfortable with. 
iv. Subsidy for Conventional Energy System: There is still massive support to conventional energy sources, in the 
forms of subsidies and export credits. If renewable energy is to be competent economically, it is important that 
renewable energy receives the same treatment as fossil fuels. 
v. Lack of Accessible Financing Scheme and Uncertain Financial Viability: Developers facing difficulty to obtain 
financing for biomass-based power generation projects in Malaysia. Financial/banking institutions in the country 
are not familiar with the financing of such business ventures due to the perceived high risks. 
5. National RE Policy and Action Plan, Renewable Energy Act 2011 and Feed-in Tariff 
The National RE policy and action plan was launched by the Federal Government in 2009, with the aim to enhance the 
utilization of RE resources towards national electricity supply security and sustainable socio-economic development [18]. 
Five main objectives are: (i) to increase RE contribution in the national power generation mix, (ii) to facilitate the growth of 
RE industry, (iii) to ensure reasonable RE generation cost, (iv) to conserve environment for future generation, and (v) to 
enhance awareness on the role and importance of RE. This policy and action plan leads to the enactment of the RE Act 2011 
by the Federal Government of Malaysia in June 2011, with feed- in tariffs (FiTs) included as a new mechanism. The 
 [19]. 
The overall capacity of the RE is expected to have a significant increase from 61.2 MW to at least 985 MW in 2015 and 
2080 MW in 2020 through the implementation of the Renewable Energy Act 2001 [19]. Table 6 shows the projection of RE 
generation capacities for 2015  2050. 
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Table 6. Projection of RE generation capacities (cumulative) for 2015  2050, in MW 
Year Biomass Biogas Mini-Hydro Solar PV Solid Waste Total 
2015 330 100 290 65 200 985 
2020 800 240 490 190 360 2,080 
2025 1,190 350 490 455 380 2,865 
2030 1,340 410 490 1,370 390 4,000 
2050 1,340 410 490 18,700 430 21,370 
 
Feed-in Tariff will be an effective mechanism to promote and utilize the development of RE. There are four main benefits 
gained from FiT system: (i) Economy  provide assurance to the investors by creating a stable condition for the development 
of RE, (ii) Politic  enhance energy security and autonomy by promoting a more decentralized and democratic electric 
system, (iii) Social  promote employment opportunities and more equitable distribution of wealth to the nation, and (iv) 
Environment  reduce carbon emissions and pollution, reduce dependency on fossil fuels. 
The applicable FiT rates will depend on these factors [19]: (i) the type of resource used, (ii) the installed capacity of the 
renewable energy (RE) installation, (iii) whether the RE installation will meet any criteria entitling it to additional bonus FiT 
rates, and (iv) the date the RE installation completed, connected to the grid and ready to produce RE for commercial sale 
(i.e. FiT Commencement Date). FiT rates for all renewable resources except for small hydropower will decrease with time 
according to their respective annual degression rates, is summarized in Table 7. 
 
Table 7. FiT Rate in Malaysia [19] 
RE Sources Feed-in Tariff Rate Effective 
Period, Years 
Annual Degression 
Rate, % RM/kWh USD/kWh 
Biogas 0.32  0.43 0.10  0.14 16 0.5 
Biomass 0.29  0.45 0.10 0.15 16 0.5 
Small Hydro 0.23  0.24 0.07  0.08 21 0 
Solar PV 0.85  1.53 0.28  0.51 21 8.0 
 
 
6. Renewable Energy R&D at Centre for Renewable Energy 
 
Universiti Tenaga Nasional, UNITEN, is a private institution of higher learning wholly-owned by TNB, the largest power 
utility company in Malaysia. Centre for Renewable Energy, CRE, was established by UNITEN on 1 August 2008, as a 
- RE. CRE is committed to the advancement of RE sciences and 
engineering through dedicated research and development programs, the development of technologies and practical 
applications, and transfers knowledge and innovations with strong links to industry. CRE directly contributes to the nation's 
goals, fulfilling the Green Technology Agenda, for finding new renewable ways to power our homes, industries, businesses, 
and transportation. 
Over the period 2008-2011, CRE has attracted a total funding of RM 17.3 millions from various sources to carry out RE 
research projects. Among the highlights of renewable energy R & D activities at CRE are; 
 
Biodiesel 
A rapid processor to convert waste cooking oil into biodiesel has been researched, developed and patented by CRE. This 
biodiesel rapid processor is currently in commercialization stage, being taken up as a national project under the Federal 
with commercial diesel in diesel-fuelled taxi, diesel generator and micro-gas turbine [20][21][22][23]. UNITEN has 
launched its fleet of B5-Campus Buses on 20 July 2012, running on diesel blended with 5% biodiesel produced by a pilot-
generators with diesel/biodiesel blends. 
 
Biogas from sewage treatment plant 
CRE, in collaboration with Indah Water Konsortium (IWK), the national sewage company, has been approved research 
funding of RM 7.26 million by the Malaysian Electricity Service Industry Trust Account, MESITA, for a project to harness 
390   Abd Halim Shamsuddin /  Procedia Engineering  49 ( 2012 )  384 – 391 
biogas from sewage treatment plant for electricity production and grid-connected to TNB Distribution Network. This project 
 
 
Biogas from palm oil mill effluent 
CRE is in collaboration with Damini Corp. Sdn Bhd, DCSB, a biomass energy company, to develop a biogas co-
generation plant for a palm oil mill of a large plantation company in Malaysia. POME from milling process will be 
processed in an anaerobic digester to produce biogas. This biogas co-generation plant will eventually replace the current 
low-efficiency biomass co-generation facility fuelled with mesocarp fibres. 
 
High quality solid biofuel 
This project is financially supported by a number of agencies/institutions, namely: the Ministry of Higher Education 
Malaysia under the Long-term Research Scheme (MOHE-LRGS), TNB Research, Malaysian Technology Development 
Corporation, DCSB, and Ministry of Science, Technology, and Innovation Malaysia (MOSTI). Scope of the studies include: 
upgrading of biomass to high quality solid biofuel with briquetting, pelleting and torrefaction processes [24][25]; and 
combustion study biomass and biomass-coal cofiring [26][27]. 
 
7. Conclusions 
Malaysia has large resources of RE in the form of biomass, hydro and solar energy. The National Energy Policy and 
strategies are already in place for the significant contribution of RE in the electricity generation mix. Challenges hindering 
the progress of RE implementation in the electricity generation mix when RE was first regarded as the Fifth Fuel during the 
period 2001-2010, should now be addressed with the enactment of RE Act 2011 with the Feed-in Tariff. Malaysia has the 
capacity to contribute to the alleviation of the global concerns of climate change and the need to reduce carbon emissions, 
fulfilling the commitment made at the COP15 with extensive RE implementation. 
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